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Abstract 
This doclJllent is directed to future researchers on the effects of 
fertility rate upon infant mortality. The results of these studies can 
serve to guide activities in maternity and infant care and family 
planning progrCflls. 
The author's experience in a number of studies based on data from 
Latin Jlmerican countries is presented. An account is given of how the 
research objectives originated and what procedures were used to 
analyze infant mortality differentials, as well as a description of 
the adaptation of reproductive behaviour to the economic situation and 
of the nature of infant mortality differentials measured by variables 
related to the fertility rate. The results show that a high fertility 
rate, short intervals between successive births, and the age of the 
mother, at either extreme of the child-bearing span, are all factors 
that increase the risk of infant mortality. As fertility rate 
decreases, the number of such births declines and this favours a lower 
infant mortality. Despite some contradictory results, there are 
indications that the differentials are biological in nature. 
Among the various problems encountered, those having to do with 
sources and the quality of data are analyzed. There follow proposals 
for techniques to measure the effects of a decrease in the fertility 
rate upon infant mortality. The work closes with a list of objectives 
for future research on fertility and infant mortality. 
Res1111e 
Cette publication est destinee aux personnes qui etudieront 
eventuellement l'effet du taux de fecondite sur la mortalite 
infantile. Les resultats des etudes exposes dans cette publication 
pourraient servir a orienter les programmes de soins maternels et 
infantiles et de planning familial. 
L'auteure presente son experience dans la realisation d'etudes 
fondees sur des donnees de pays latino-americains. Elle dit comment 
ont ete detennines les objectifs des etudes et quelles methodes 
d'analyse ont ete appliquees aux donnees sur les differences de 
mortalite infantile, et parle de l'adaptation du c001portement 
reproductif a la situation economique et de la nature des differences 
de mortalite infantile mesuree par des variables reliees au taux de 
fecondite. Les resultats montrent que le nombre eleve des naissances, 
les intervalles intergesiques courts et l'age des meres aux deux 
extremites de leur vie feconde sont des facteurs qui augmentent les 
risques de mortalite infantile. La reduction de la fecondite fait 
baisser la proportion des naissances presentant ces caracteristiques, 
ce qui favorise la reduction de la mortalite infantile. Il ya lieu de 
croire que ces differences de mortalite infantile sont de nature 
biologique malgre quelques resultats contradictoires. 
Au nombre des problemes rencontres, l'auteure a analyse ceux se 
rapportant aux sources et a la qualite des donnees. L'auteure propose 
ensuite quelques techniques pour mesurer l'effet de la reduction de la 
fecondite sur la mortalite infantile et conclut par l'enumeration de 
quelques objectifs a donner aux futures etudes de la fecondite et de 
la mortalite infantile. 
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Res111en 
El documento esta dirigido a futuros investigadores del efecto de 
los niveles de fecundidad sobre la mortalidad infantil. Resultados de 
esos estudios servirian para orientar las acciones de los programas de 
atencien materno-infantil y de planificacion de la fanilia. 
Se presenta la experiencia de la autora en algunos estudios con 
datos de paises de ffnerica Latina. Se relata como se originaron los 
objetivos de las investigaciones y los procedimientos de analisis 
utilizados para llegar a los resultados sobre diferenciales de 
mortalidad infantil, adaptacion de la conducta reproductiva a las 
contingencias econ0micas y naturaleza de los diferenciales de 
mortalidad infantil por variables relacionadas con el nivel de la 
fecundidad. Los resultados muestran que alto orden de nacimiento, 
intervalos intergenesicos previos cortos y edades maternas en ambos 
extremos de la edad fertil constituyen factores que elevan el riesgo 
de mortalidad infantil. Al descender la fecundidad disminuye la 
proporcion de nacimientos con tales caracteristicas, lo que favorece 
el descenso de la mortalidad infantil. Hay indicios de que aquellos 
diferenciales son de naturaleza biologica a pesar de algunos 
resultados contradictorios. 
Entre los distintos problanas que se encontraron, se analizan los 
referentes a las fuentes ya la calidad de los datos. A continuacion 
se proponen algunas tecnicas para medir el efecto del descenso de la 
fecundidad en la mortalidad infantil y se concluye con la enumeracion 
de algunos objetivos que podrian tener futuras investigaciones de 
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The Population, Health, and Development (PHO) project of the 
International ~velopment Research Centre's Social Sciences Division 
was created in 1983 as a tanporary mechanism to support and strengthen 
the capacity of developing-country researchers to carry out interdis-
ciplinary investigations of the persistent problans of high levels of 
infant and child mortality and poor health. To this end, with the 
active involvanent of the Health Sciences Division, the project has 
organized a number of activities. These include a series of interdis-
ciplinary regional workshops in Latin Proerica and Africa for health 
and social scientists; preparation of two research bibliographies; and 
sponsorship of researchers to international conferences. 
In addition, the PHO project commissioned a series of technical 
research papers on widely recognized problans or gaps in infant 
mortality research. These papers were revie\\l?d by peers and published 
in the IDRC Infant Mortality and Health Studies Series. They address 
specific methodological and conceptual issues in the research, data 
sources, and collection and analysis of data. 
It should be noted that these studies are not intended to be 
based exclusively on original or primary data. Rather, they are meant 
to examine and update research on specific methodological problems. 
The authors are researchers whose work successfully integrates concep-
tual and m'ethodological approaches both from the health science and 
from the social science research traditions. Where appropriate, a 
field-manual style was encouraged. Otherwise, an operational and il-
1 ustrative approach was used in preparing the papers for publication. 
Effects of Decreasing Fertility on Infant Mortality Levels 
illustrates procedures that can be used to evaluate the impact of 
fertility decline and the structure of this decline on infant and 
child mortality levels. The case studies are from Chile, Costa Rica, 
Mexico, Paraguay, and Peru. The monograph illustrates both methodolo-
gically and substantively that fertility and maternal factors affect 
mortality risk. The case studies will also have significant policy 
implications for planners and providers of filllily planning and 
maternal-child health services. The author, Erica Taucher, a Doctor of 
Medicine with a Master's degree in mathanatical statistics, is a 
Public Health Investigator at the lkliversity of Chile. 
Sandra Witt 
Population, Health, and 
Development Project Coordinator 
Social Sciences Division, IDRC 

INTRODUCTION 
When fertility and infant mortality are studied in different 
geographical areas or over time, a close, direct link is usually found 
to exist between these two variables, partly because certain factors, 
such as the degree of urbanization or level of education, act in the 
same direction on the two indexes. 
Infant mortality and fertility also have reciprocal relations, 
however, that are independent of these common or interconnected 
determining factors. Thus, high infant mortality can act as an 
obstacle to decreasing birth rate. Conversely, high fertility can 
create unfavourable conditions for infant survival. 
It appears, for example, that the effect of infant mortality on 
fertility begins to be felt only when infant mortality has dropped to 
levels low enough to assure couples that the children born to them 
will survive. High infant mortality also shortens the period of 
natural sterility associated with lactation. In populations that do 
not practise birth control, this can contribute to a higher number of 
births during a woman's child-bearing years by shortening the 
intervals between pregnancies. Another reason that fertility remains 
at high levels when infant mortality is high may be the wish to 
replace a dead child. These factors were all considered in examining 
the difficulties family-planning programs have had in achieving 
drops in fertility (Rutstein and Medica 1975; Chowdhury et al. 1976; 
Taylor et al. 1976; Cochran et al. 1983). 
There are also links between infant mortality and fertility that 
work in an inverse direction; these will be studied here. Many studies 
have shown that major infant mortality differentials exist with regard 
to at least three variables related to fertility: birth order, 
mother's age, and the length of the interval between successive births 
(Puffer and Serrano 1973; Vavra and ~uerec 1973; Nortman 1974; Wolfers 
and Scrimshaw 1975; Taucher l979a,b, 1985). All the studies note that 
infant mortality increases with birth order, and that it is higher 
when the mother is at the upper or lower end of the child-bearing span 
or when the interval between two successive births is very short. The 
proportion of births that occur under these adverse conditions is 
higher when fertility levels are high. Therefore, if a drop in the 
fertility rate can cause a shift toward fewer births, more suitable 
mothers' ages, and longer intervals between successive births, infant 
mortality would be reduced. For this reason, reducing infant mortality 
should be among the objectives of many family planning programs, 
especially in Latin America. 
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Nonetheless, when interpreting the impact of a drop in the 
fertility rate on infant mortality, the nature of the differentials 
mentioned above must be studied because this relates directly to 
policies and actions to regulate the fertility rate. 
One possibility is that the differentials may be mainly of 
socioeconomic origin, caused by a higher proportion of births at lower 
social strata in the higher risk categories. If this is true, a 
policy of regulating fertility aimed at having fewer children in the 
middle of the child-bearing span and spacing them at adequate 
intervals would not have a great deal of impact on the infant 
mortality rate. 
On the other hand, some research findings indicate that infant 
mortality differentials caused by these variables are due to the fact 
that women who are exhausted by many pregnancies at short intervals 
and at older ages, or women who become pregnant when too young and 
immature, bear children with less biological potential for survival. 
If this is true, fanily planning would make sense to ensure that 
children are born when women are in the best condition for maternity, 
regardless of their social stratum. 
An awareness of the factors that imply the greatest risk of 
infant mortality will also make it possible to develop criteria for 
special benefits or increased health care for children and pregnant 
women belonging to these groups. 
The above indicates that research on the effects of fertility on 
infant mortality can contribute results that will be useful in guiding 
the actions of mother-child care and family-planning programs. 
I hope that this presentation of the experience and results I 
obtained in studies of Latin American countries will be useful to 
researchers, first, for defining the goals of their research and, 
second, by offering solutions to some problems they may encounter 
during their work. Special enphasis will be placed on problens 
related to the existence, integrity, and quality of the necessary 
data. Analysis methods that have served to quantify the impact of a 
decline in fertility on infant mortality will also be presented. 
Finally, some areas for future research will be proposed because they 
may be of interest to a particular country or because they bear on 
questions that have not been addressed in current research. 
CHAPTER 1: EXPERIENCE GAINED FROM SOME STUDIES USING DATA 
FROM LATIN AMERICAN COUNTRIES 
Objectives 
The first study presented here (Taucher 197Ya) originated in a 
desire to find an explanation for the continuing decline in infant 
mortality in Chile. The drop began in 1960 and was not interrupted by 
the periods of economic decline that the country suffered later. This 
perplexed those who had always viewed infant mortality as an indicator 
sensitive to changes in the standard of living. Among the hypotheses 
explored in the study, which included the impact of the mother-infant 
and supplementary-food programs that were already traditional, it was 
postulated that the decline in the fertility rate observed after 1964 
could have made a significant contribution to this unexpected behav-
iour in the infant mortality rate. While the infant mortality rate 
dropped from 96 to 66 per 1000 from 1965 to 1972, the crude birth rate 
dropped over the same period from 36.3 to 28.6 per 1000. It was 
assumed that this drop in fertility would cause the birth structure to 
move toward a higher proportion of infants whose risk of dying was 
low, which would contribute to a reduction in the infant mortality 
rate. 
Some of the results from this study confirmed the characteristics 
of infant mortality differentials related to the fertility rate found 
by other investigators. Questions also arose regarding the biological 
or socioeconomic nature of these differentials. This prompted another 
study, now extended to four Latin American countries in addition to 
Chile (Taucher 1982a,b). On one hand, the aim was to quantify the 
effect of changes in birth structure on infant mortality levels. On 
the other, an attempt was made to explore the nature of the 
differentials under study. 
From a discussion of earlier works, the idea arose that a 
different explanation for the continuing decline in infant mortality 
in Chile might be that reproductive behaviour adapts to economic 
contingencies. If, during an economic crisis, births occur predomin-
antly in families not affected by it, a downturn in the economy would 
not necessarily have to translate into an increase in the infant 
mortality rate. This is related to explanations that seek to show that 
changes in birth structure cause infant mortality to behave indepen-
dently of the economic situation. A preliminary study showed that, 
contrary to the case with infant mortality, trends in fertility levels 
and economic indicators are closely cJrrelated. This merits completing 
the study of this hypothesis in the future using a different 
methodological approach. 
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Infant tt>rtality Differentials and the Impact of Changes in Birth 
Structure on Infant tt>rtality Levels 
To ex~ore the hypothesis that a drop in fertility was a 
contributing factor to the sustained drop in the infant mortality rate 
in Chile, the first of the studies mentioned (Taucher 1979a,b) used 
vital statistics from the cohort of births in 1972, birth statistics 
in 1972, and death statistics in 1972 and 1973, provided by the 
Instituto Nacional de Estadisticas y Censos (National Institute of 
Statistics and Censuses). 
By making crossed classifications of both births and deaths of 
children under 1 year by mother's age, birth order, mother's 
schooling, and father's occupation - data that are recorded for both 
events - it was possible to construct specific rates and observe 
differences in infant mortality based on these variables, both 
isolated and combined. 
The expected differentials were found: rising infant mortality 
with birth order and U-curves for the mother's age, showing that 
infants of very young and overly mature women run a higher risk; 
patterns that continue to hold for each variable within the categories 
of the other (Fig. 1; Tables 1, 2, and 3). The risk was higher in all 
birth orders if the child had a father in a low income category or a 
mother with a low level of education (Taucher 1979b). 
With regard to the hypothesis that gave rise to the study, using 
a method that will be explained in chapter 4, it was estimated that 
13% of the total decline in infant mortality from 1965 to 1972 can be 
attributed to changes in the structure of birth order and age of the 
mother (Taucher 1979a). The decrease in the number of births in order 
4 or higher from 43% in 1965 to 29% in 1972, which is an indication of 
a shift in birth structure toward orders with lower risk of infant 
mortality, explains 11% of the decline in the infant mortality rate. 
The favourable impact of the drop in the number of children born to 
women 35 years of age and over, from 18% in 1965 to 12% in 1972, was 
counteracted by an increase in the number of children born to women 
under 20 years of age, from 12% in 1965 to 16% in 1972. Thus, the 
impact of changes in structure caused by the mother's age on the 
infant mortality rate was virtually nil. If the combined changes 
caused by birth order and mother's age can explain 13% of the total 
decline in the rate, this indicates that the effect of the changes is 
not additive; on the contrary, an interaction occurs that makes the 
joint influence of both changes more favourable than the sum of their 
isolated effects. 
Data from fertility surveys conducted in some countries under the 
World Fertility Survey Program in the late 1970s made it possible to 
extend the study on infant mortality differentials based on variables 
related to fertility to cover Costa Rica, Mexico, Paraguay, and Peru 
(Taucher 1982a). To contrast countries with different fertility 
levels, these four countries were selected from those for which 
standardized statistics were made available from the World Fertility 
Survey to the Latin American ll!mographic Center (CELADE).1 The 
lThis study by CELADE was made possible thanks to financial 
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Fig. 1. Specific infant mortality rates, Chile 1972. (a) By birth order within mother's age groups. 
(b) By mother's age within birth order groups. 
Table 1. Neonatal mortality rates (per 1000) by birth order and by mother's age and education, Chile 1972. 
Birth order 
Mother's age and 
level of education Total 1 2 3 4 5 6 7 + 
Total 31. 70 28.88 30.43 30.07 33.32 35.51 38.31 40.20 
Under 20 38.62 33. 76 48.50 48.74 69 .14 61.13 64.13 
20-24 29.70 26.02 29.87 31.08 37.10 36.43 49.70 65.17 
25-29 26.49 22.91 22.21 25.98 27.49 34.41 36.13 41.13 
30-34 29.62 29.98 27.67 25.62 28.21 31.39 33.29 32.88 
35-39 40.04 38.65 28.90 37.00 41. 83 46. 75 40.56 42.25 
40 and over 43.18 57.31 28.39 36.15 50.89 28.54 47.58 44.40 
None 56 .53 73.99 67.01 56.52 51.77 48.51 48.93 48.53 
Under 20 72.64 70.67 67.59 94.55 82.28 45.43 218.04 
20-24 62.27 75 .10 78.15 42.05 51.43 54.51 68.56 35.45 
25-29 50.37 66.70 65.67 49.90 44.27 31.09 49.44 50.99 
30-34 51.50 109.94 60.77 71.44 44.93 51.65 31.92 43.66 
35-39 59.44 63.59 8.72 76.51 89.78 92.06 52.54 54.74 
40 and over 47.54 62.65 68.14 27.95 39.89 22.48 68.14 46 .82 
Primary or basic 31.94 30.79 31.82 29.73 30.82 33.70 35.92 36.57 
Under 20 38.32 34.36 46.17 43.12 61.03 69.88 
20-24 30.00 27 .47 29.70 29.82 34.61 31.30 47.52 69.13 
25-29 27.90 26.68 23.62 26.68 26.20 34.11 33.77 37.29 
30-34 28.38 29.05 31.31 24.52 24.48 29.59 32.24 28.64 
35-39 37.27 40.78 32.61 36 .31 34.52 43.20 38.53 36.83 
40 and over 43.42 58.03 27.68 42.80 57.06 31.43 40.30 43.86 
Secondary or higher 24.62 21.36 23.20 25.41 35.24 34.61 42.13 61.04 
Under 20 31. 79 25.51 54.14 58.14 161. 51 
20-24 24.18 20.88 24.42 33.10 43.54 62.13 22.71 172.13 
25-29 19.50 16 .21 17.50 21.16 26.02 40.30 36.69 72.20 
30-34 24.50 22.60 18.89 20.60 33.35 26.50 44.20 54.67 
35-39 36.34 30.90 25.25 29.54 46.04 30.57 39.14 72.28 
40 and over 35.62 53.54 12.38 24.55 38.74 21.80 61. 71 40.08 
Source: Instituto Nacional de Estadisticas y Censos. 
Table 2. Post-neonatal mortality rates (per 1000) by birth order and by mother's age and education, Chile 1972 
Birth order 
Mother's age and 
level of education Total 1 2 3 4 5 6 7 + 
Total 42.82 33.19 39.99 43.44 49.79 52.60 54.76 64.15 
Under 20 55.95 49.01 68.78 79.12 86.61 41.39 130.26 246.04 
20-24 42.61 27.20 44.33 56.89 66.93 68.06 85.26 110.32 
25-29 35.56 21.13 26.25 33.30 48.00 51.14 57.45 78.60 
30-34 38.17 22.74 22.38 27.39 36.14 47.10 50.03 63.82 
35-39 43.57 29.95 24.46 31.48 38.49 46.91 44.94 56.66 
40 and over 53.70 46.30 44.69 40.96 36. 73 53.84 45.56 61.22 
None 96.35 107 .15 113.19 100 .68 116.09 99.13 78.97 93.96 
Under 20 125.82 133.02 128.44 79.09 167.12 46.14 
20-24 109.97 99.15 110.59 98.07 146.24 83.04 97.49 180.03 
25-29 91.20 53.72 117 .84 101.37 82.43 94.74 72.81 107 .14 
30-34 83.51 102.35 65.35 88.32 82 .13 88.36 84.79 81.87 
35-39 89.53 46.14 53.15 103.60 149.79 103.34 75.59 88.02 
40 and over 86.35 63.63 138.40 99.36 94.52 148.39 25.95 84.80 
Primary or basic 46.99 42.51 49.32 50.52 51.06 51.67 56.33 60.03 
Under 20 58.43 52.38 67.93 79 .17 78.89 42.58 201.31 138.40 
20-24 47.94 33.65 49.58 58.65 59.76 66.22 82.33 91.82 
25-29 42.24 31.58 35.62 37.90 47.48 47.47 56.45 72.18 
30-34 40.53 26.03 28.85 32.31 38.27 43.33 46.19 58. 73 
35-39 41.93 39.69 27.60 32.96 38.10 43.88 43.29 48.17 
40 and over 50.64 54.73 41.09 41.18 37.25 43.89 56.53 54.26 
Secondary or higher 18.48 14.92 18.70 21.27 29.52 36.22 31.26 60.94 
Under 20 30.69 24.07 52.69 78.73 41.01 
20-24 20.75 13.62 24.33 36.97 54.43 63.10 92.26 58.27 
25-29 12.87 8.23 8.58 14.43 36.25 30.70 37.26 80.66 
30-34 14.81 9.18 8.57 10.70 17.37 37.69 29.93 65.33 
35-39 16.08 10.46 13.57 12.85 7.44 20.69 17.03 48.94 
40 and over 23.02 19.77 12.58 19.95 11.24 29.53 10.44 44.78 
Source: Instituto Nacional de Estadisticas y Censos. 
Table 3. Infant mortality rates (per 1000) by birth order and by mother's age and education, Chile 1972. 
Birth order 
Mother's age and 
level of education Total 1 2 3 4 5 6 7 + 
Total 74.62 62.07 70.42 73.51 83.11 88.11 93.07 104.35 
Under 20 94.57 82.77 117 .28 127.86 155.75 102.52 194. 39 
20-24 72.31 53.22 74.20 87.97 104.03 104.49 134.96 175.49 
25-29 62.05 44.04 48.46 59.28 75.49 85.55 93.58 119.73 
30-34 67.79 52.72 50.05 53.01 64.35 78.49 83.32 96. 70 
35-39 83.61 68.60 53.36 68.48 80.32 93.66 85.50 98.91 
40 and over 96.88 103.61 73.08 77.11 87.62 82.38 93.14 105.62 
None 152.88 181.14 180.20 157.20 167.86 147 .64 127.90 142.49 
Under 20 198.46 203.69 196.03 173.64 249.40 91.57 
20-24 172.24 174.25 188.74 140.12 197.67 137.55 166.05 215.48 
25-29 141.57 120.42 183.51 151.27 126.70 125.83 122.25 158.13 
30-34 135.01 212.29 126 .12 159.76 127 .06 140.01 116. 71 125.53 
35-39 148.97 109.73 61.87 180.11 239.57 195.40 128.13 142.76 
40 and over 133.89 126.28 206.54 127.31 134.41 170.87 94.09 131.62 
Primary or basic 78.93 73.30 81.14 80.25 81.88 85.37 92.25 96.60 
Under 20 96.75 86.74 114.10 122.29 139.92 112 .46 
20-24 77 .94 61.12 79.28 88.47 94.37 97.52 129.85 160.95 
25-29 70.14 58.26 59.24 64.58 73.68 81.58 90.22 109.47 
30-34 68.91 55.08 60.16 56.83 62.75 72.92 78.43 87.37 
35-39 79.20 80.47 60.21 69.27 72.62 87 .08 81.82 85.00 
40 and over 94.06 112. 76 68. 77 83.98 94.31 75.32 96.83 98.12 
Secondary or higher 43.10 36.28 41.90 46.68 64.76 70.83 73.39 121.98 
Under 20 62.48 49.58 106.83 136.87 202.52 
20-24 44.93 34.50 48.75 70.07 97.97 125.23 114.97 230.40 
25-29 32 .37 24.44 26.08 35.59 62.27 71.00 73.95 152.86 
30-34 39.31 31.78 27.46 31.30 50.72 64.19 74.13 120.00 
35-39 52.42 41.36 38.82 42.39 53.48 51.26 56 .17 121.22 
40 and over 58.64 73.31 24.96 44.50 49.98 51.33 72 .15 84.86 
Source: Instituto Nacional de Estadisticas y Censos. 
fertility rate in Costa Rica was known to have dropped sharply in 
recent years and Mexico, Paraguay, and Peru were considered countries 
with high fertility rates. Unlike in Chile, death certificates in 
these countries did not include data on birth order or certain 
infonnation on the parents of infants who died before their first 
birthday. The data on infant mortality were obtained directly from 
interviews with women, noting the number of pregnancies, date of 
termination, and result of each, and recording the deaths among their 
1 ive-born children and the age at which they occurred. 
Births that occurred in the year prior to the survey were not 
taken into account because these children might still have died prior 
to their first birthday, and infant mortality was studied for births 
that occurred from 1 to 21 years prior to the survey. This time span 
was selected after analysis shol'led that it conciliated a relative 
regularity in infant mortality levels with the need to be able to 
count on sufficient numbers of births so that subgroups could be 
analyzed. 
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The data from the four countries, which were analyzed using the 
procedure described, covered: July 1955 to June 1975 in Costa Rica and 
Mexico, February 1958 to January 1978 in Paraguay, and July 1956 to 
June 1976 in Peru. 
Vital statistics from Chile for the 1978 cohort of births were 
also analyzed, supplanenting the studies already conducted for 1972. 
For all countries, infant mortality differentials were analyzed 
with regard to birth order and mother's age and educational level. 
Al so, data from the surveys were used to study differentials in the 
four countries with regard to previous birth intervals - infonnation 
that does not appear in Chilean vital statistics - and differentials 
related to father's occupation - infonnation that was poorly recorded 
in Chile between 1972 and 1978. 
The infant mortality differentials by birth order and mother's 
age for the 2 years analyzed in Chile and for the four countries for 
which survey data was available are given in Figs. 2 and 3 and Tables 
1-7. All the countries show a rise in infant mortality as birth order 
increases. Mexico is the only country in which mortality among 
firstborn children is higher than that of second or third children. 
With regard to mother's age, the U-curve showing that children of 
mothers at both ends of the child-bearing span run a greater risk of 
dying reoccurs in all countries. 
Except for some irregularities explained by the scarcity of vital 
statistics in some categories, Tables 1-7 also show that the U-curve 
for maternal age applies within the different birth orders. Al so, 
within each maternal age group, infant mortality increases as birth 
orders. In all birth orders, the highest mortality rates are among 
children born to women under 20 years of age. This explains why in 
Mexico, where a high proportion of firstborn are the children of very 
young women, total mortality for firstborn children is higher than for 
second children. 
Of the three variables related to fertility levels, the length of 
the intervals between successive births, which could only be studied 
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Table 4. Neonatal mortality rates (per 1000) by birth order and by mother's age and ed1.1:ation, Chile 1978. 
Birth order 
Mother's age and 
level of ed1.1:ation Total 1 2 3 4 5 6 7 + 
Total 19.92 15. 92 19. 38 21. 83 25. 34 27. 93 29. 98 31. 25 
Under 20 23.94 19. 96 33. 42 58. 79 67. 99 38. 79 
20-24 18. 74 14. 12 19. 64 26. 05 31.14 40.82 79.07 32. 61 
25-29 17. 64 12. 78 16. 41 18.29 23.49 24.19 30. 27 34.43 
30-34 17. 87 13. 52 12. 95 16. 41 20.61 24. 35 23. 70 28. 81 
35-39 25.07 20. 57 17. 20 22. 30 28.89 27.46 28.30 31.00 
40 and over 26. 49 12. 04 18. 81 16. 45 20. 97 40.17 25. 42 32.90 
None 40.44 42. 95 35.00 33. 33 50.59 44.12 32. 25 42.66 
Under 20 48. 47 39. 90 59. 83 73. 05 140.61 
20-24 36. 75 45. 38 20.66 32.14 58.90 37. 92 56. 25 51.13 
25-29 41. 35 39. 82 36. 95 22. 72 50.92 50.92 48. 30 48. 38 
30-34 37. 21 44. 64 36. 29 33.92 41. 86 31. 42 18.34 43. 77 
35-39 41. 43 36.89 41. 28 38. 79 60.12 8. 03 32. 85 46.81 
40 and over 39. 68 102. 27 27.44 152.53 16. 79 34.32 
Primary or basic 19. 77 16.67 20. 02 20.20 20.93 27. 20 26. 76 25. 16 
Under 20 23. 00 19. 67 29.64 48.45 59. 20 56. 25 
20-24 18. 80 14. 17 19. 20 23. 29 24. 15 39. 27 66. 17 31. 25 
25-29 18.02 14. 65 18. 57 15.88 19.71 22. 75 20.99 28.64 
30-34 17. 48 13. 49 13. 13 16. 78 16. 70 22.82 26. 90 20. 51 
35-39 22.62 21. 40 14. 26 17. 94 22. 53 34. 87 25.34 24.17 
40 and over 24. 05 9. 87 25. 50 12. 72 23. 80 23. 50 20. 14 30. 13 
Secondary or higher 18.01 13. 83 17.60 23.68 33. 25 23. 03 51.13 76.38 
Under 20 23. 71 18. 83 44. 29 146.24 80.35 
20-24 17.66 13. 27 20. 28 34.15 61. 71 64. 28 312. 48 
25-29 15. 47 10. 71 13. 85 21. 85 31. 50 13. 97 98.30 73. 76 
30-34 15. 91 12. 06 11. 86 14. 91 25. 73 27.94 5.86 102. 27 
35-39 25. 23 18. 30 18. 70 26. 17 35. 82 12. 16 41. 41 61. 74 
40 and over 25.19 10.18 22. 39 20. 70 38.13 61. 63 71.59 
Source: Institute Nacional de Esta di sti cas y Censos. 
Table 5. Post-neonatal mortality rates (per 1000) by birth order and by mother's age and education, Chile 1978. 
Birth order 
Mother's age and 
level of education Total 1 2 3 4 5 6 7 + 
Total 21.01 16.80 20.05 20.47 30.87 28.70 34.07 41.76 
Under 20 31.48 26.92 44.21 57.58 95.68 40.03 
20-24 20.64 13.00 23.25 31.32 43.72 43.25 63.05 117.78 
25-29 15.66 9.40 11.37 15.82 24.67 29.53 44.26 50 .15 
30-34 17.09 8.78 9.42 11.61 22.06 19.84 33.05 46.43 
35-39 20.70 14.36 13.20 12.74 16.73 31.17 17 .90 35.08 
40 and over 29.24 14.49 22.94 15.28 25.58 31.10 32.80 37.63 
None 58.41 64.03 55.90 48.38 61.82 56.91 50.90 62.09 
Under 20 78 .15 72.86 102.92 45.23 72.56 
20-24 61.81 69.02 42.64 63.03 91.17 52.17 211.08 
25-29 50.50 41.10 46.61 35.18 62.11 57.33 56.98 62.41 
30-34 53.17 36.86 22.46 40.84 48.60 58.37 44.16 74.53 
35-39 40.34 38.07 31.95 50.04 26.59 33 .17 42.37 43.63 
40 and over 80.57 246.26 145.12 56.63 94. 77 118.06 103.96 68.87 
Primary or basic 24.79 21. 70 24.96 24.05 27.48 26.84 32.22 35.62 
Under 20 34.06 29.42 45.47 54.88 99.30 58.05 
20-24 24.72 17.17 25.90 32.16 37.85 37.92 72.85 107.49 
25-29 20.58 14.35 16.72 18.75 25.15 27.12 42.24 48.38 
30-34 20.08 12.48 12.90 15.16 23.66 16.50 31.12 40.22 
35-39 21.45 15 .10 13.91 15.43 19 .93 34.97 16.20 28. 72 
40 and over 22.87 10.18 17 .54 18.39 12.28 27.28 20.78 29.19 
Secondary or higher 10. 92 8.72 11.20 11.08 19.20 22.92 29.55 50 .16 
Under 20 18.54 16.39 25.60 92.88 82.93 
20-24 12.54 7.66 17.79 22.92 57.91 99.50 64.50 
25-29 7.00 4.97 5.46 9.66 14.69 25.24 45.08 38.07 
30-34 7. 72 3.99 5.67 5. 72 14.16 19.23 36.28 40.40 
35-39 12.62 11.62 10.22 5.78 8.41 18.83 7.12 92.03 
40 and over 11.91 6.25 10.51 35.61 31.81 10.55 
Source: Instituto Nacional de Estad1sticas y Censos. 
Table 6. Infant mortality rates (per 1000) by birth order and by mother's age and education, Chile 1978. 
Birth order 
Mother's age and 
level of education Total 1 2 3 4 5 6 7 + 
Total 40.93 32.72 39.43 42.30 56.21 56.63 64.05 73.01 
Under 20 55.442 46.88 77 .63 116. 37 163.67 78.82 
20-24 39.38 27 .12 42.89 57.37 74.86 84.07 142.12 150. 39 
25-29 33.30 22.18 27.78 34.11 48.16 53. 72 74.53 84.57 
30-34 34.96 22. 30 22.37 28.02 42.67 44.19 56.75 75.24 
35-39 45. 77 34.93 30.40 35.04 45.62 58.63 46.20 66.08 
40 and over 55.73 26.53 41. 75 31. 73 46.55 71.27 58.22 70.53 
None 98.85 106.98 90.90 81. 71 112.41 101.03 83.15 104.75 
Under 20 126.62 112. 76 162.75 118.28 213.17 
20-24 98.56 114. 40 63.30 95.17 150.07 90.09 262.21 
25-29 91.81 80.92 83.56 57.90 113.03 108.25 105.28 110. 79 
30-34 90.38 81.50 58. 75 74.76 90.46 89.79 62.50 118.30 
35-39 81. 77 74.96 73.23 88.83 86. 71 41.20 75.22 90.44 
40 and over 120.25 348.53 84.07 270.59 120.75 103.19 
Primary or basic 44.56 38. 37 44.98 44.25 48.41 54.04 58.98 60.78 
Under 20 57.06 49.09 75.11 103.33 158.50 114.30 
20-24 43.52 31. 34 45.10 55.45 62.00 77 .19 139.02 138. 7 4 
25-29 38.60 29.00 35.29 34.63 44.86 49.87 63.23 77.02 
30-34 37.56 25.97 26.03 31.94 40.36 39.32 58.02 60.73 
35-39 44.07 36.50 28.17 33.37 42.46 69.84 41. 54 52.89 
40 and over 46.92 20.05 43.04 31.11 36.08 50.78 40.92 59.32 
Secondary or higher 28.93 22.55 28.80 34.76 52.45 45.95 80.68 126.54 
Under 20 42.25 35.22 69.89 239.12 163.28 
20-24 30.20 20.93 38.07 57.07 119.62 163. 78 376.98 
25-29 22.47 15.68 19.31 31. 51 46.19 39.21 143.38 111.83 
30-34 23.63 16.05 17.53 20.63 39.89 47 .17 42 .14 142.87 
35-39 37.85 29.92 28.92 31.95 44.23 30.99 48.53 153.77 
40 and over 37 .10 20.69 56.31 93.44 82.14 
Source: Instituto Nacional de Estad1sticas y Censos. 
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Table 7. Infant mortality rates (per 1000) by birth order and by 
mother's age in Costa Rica, Mexico, Paraguay, and ~ru. 
Mother's age 
Birth 

























































































































Note: () , based on less than 100 births; - not calculated 
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infant mortality. As the interval bet'tt'een successive births 
increases, the risk of death drops appreciably (Fig. 4; Tables 8 and 
9). An analysis by birth order and by mother's age group shows that 
this behaviour holds true within the categories of these variables. 
The mother's education and the father's occupation have a strong 
influence on the magnitude of infant mortality (Figs. 5 and 6; Table 
10). The implications that this has in tenns of the differentials for 
variables related to fertility will be analyzed in greater detail when 
the biological or socioeconomic nature of these differentials is 
examined. 
Working on the hypothesis that birth structure under conditions 
of low fertility favours lo'tt'er infant mortality, a positive 
association was expected bet'tt'een fertility levels and infant mortality 
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Table 8. Infant mortality rates (per 1000) by birth order and by 
length of previous birth interval in Costa Rica, Mexico, 
Paraguay, and ~ru. 































































































































However, levels cannot be reliably detennined using data from the 
surveys which, as has been said, covered a period of 20 years. This 
point will be discussed in greater detail in chapter 4. 
If, based on the results, Costa Rica and Paraguay can be 
classified as the countries with the lowest fertility and infant 
mortality rates, then birth structures related to birth order, 
mother's age, and length of previous birth interval ~uld not rank in 
high infant mortality risk groups as frequently as in Mexico and Peru. 
As expected, with regard to birth order, there was a lower 
proportion of high-order births in Costa Rica and Paraguay. On the 
other hand, no association was found between canposition by mother's 
age and fertility levels, or between the latter and the length of 
previous birth intervals. With regard to this last point, the high 
proportion of children born at short intervals in Costa Rica, 
especially among young women, was noteworthy: 46% of children born to 
~men under 25 years of age are born at intervals of less than 18 
months in Costa Rica; in Paraguay, this occurs in only 27% of cases. 
In Costa Rica, the high frequency of short intervals in young women 
17 
Table 9. Infant mortality rates (per 1000) by mother's age and by 
length of previous birth interval in Costa Rica, Mexico, 
Paraguay, and R!ru. 























































































































































































may possibly correspond to births that occurred in years in which the 
fertility rate was very high. Another explanation may be that, in the 
low fertility period, women tried to cCJ11plete their filllilies quickly 
to the desired number of children. The accuracy of these assumptions 
could not be explored using the data tabulated. 
In the tabulations of the fertility surveys, an important 
difference was detected between birth structures by mother's 
educational level. In Costa Rica and Paraguay, about 50% of births 
involve women with 0-3 years of schooling, whereas in Mexico and Peru, 
this increases to about 67%. This difference in mothers' educational 
18 
Table 10. Infant mortality rates (per 1000) by mother's educational 
































































































a1he categories for spouse's occupation are those defined and 
used in the World Fertility Survey. 
levels can be considered a reflection of the general level of 
education among women in these countries and, given the association 
normally found between fertility and educational level, it may partly 
explain the higher fertility levels observed in Mexico and Peru. 
Because of the problems mentioned earlier, the relationship 
between birth structure and fertility levels was only analyzed in 
greater detail for Chile. 
Between 1972 and 1978, the crude birth rate dropped from 28.6 to 
21.8 per 1000. Births in order l, which has the lowest infant 
mortality rates, rose from 33.5 to 40.4% (Table 11). On the other 
hand, births in order 4 or higher, which have the highest infant 
mortality rates, dropped from 28.5 to 18.4%. With regard to birth 
order, therefore, the structural changes observed in connection with 
the drop in the fertility rate definitely favour lower infant 
mortality rates. 
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The situation is not so clear with regard to structure by 
mother's age. Although children born to mothers 35 years of age or 
over dropped from 12.3 to 10.at from 1972 to 1978, which continues the 
trend observed earlier, the number of children born to women under 20 
years of age rose from 15.9 to 17.3%. In 1978, in Chile, the 
mortality rate for infants born to women under 20 was somewhat higher 
than for women of 35 or over. Therefore, the impact on the infant 
mortality rate of changes in birth structure based on the mother's age 
practically cancels itself out. 
In an update of the study, when 1972 is compared with 1982, it 
becomes apparent that, in recent years, the number of children born to 
women under 20 years of age has also been dropping. Thus, changes in 
structure according to mother's age have a favourable impact on 
declines in infant mortality. 
An exanination of the rates by birth order and mother's age 
contained in Tables 1 to 6 shows that the children with the least risk 
of dying in the 1st year are those belonging to the first three birth 
orders whose mothers are from 20 to 34 years of age. The number of 
these births rose from 52.2 to 60.2% between 1972 and 1978. 
Another major change in birth structure in Chile that occurred 
between the 2 years involves the mother's level of education (Table 
11). The birth rate for mothers with secondary or higher education 
rose from 26.7 to 36.5%; births to mothers with no schooling dropped 
from 6. 9 to 3. 8%. 
Subsequent studies have shown that, in 1984, births to mothers 
with secondary or higher education represented 69.6% of the total 
whereas, for mothers without schooling, they dropped to 2.1%. This 
change is partly explained by the rise in the educational level of 
women from 15 to 54 years of age between the 1970 and 1982 censuses. 
The same table shows that, between the two censuses, the 
fertility rate of women with no schooling and with primary education 
dropped, whereas fertility rose among women with secondary and higher 
education. Because of differences in grouping the data of the two 
censuses, these figures cannot be used to make valid comparisons. The 
1970 fertility rates were calculated for women up to 54 years of age 
whereas, in 1982, they were calculated for women up to 49. This means 
that the earlier rates that deal with a higher denominator are 
underestimated because an age group that produces few births is 
included. This invalidates the interpretation that fertility rose 
among women with more education, but not that it dropped in the other 
two groups. 
Comparing the rates within each year, however, is valid. In 
1970, fertility decreased as a woman's educational level rose whereas, 
in 1982, it increased. This unexpected behaviour in fertility also 
occurred in 1983. This phenomenon will be interpreted in the section 
on how reproductive behaviour adapts to economic contingencies. 
A study of the impact of changes in birth structure involving 
birth order and mother's age and level of education on the drop in the 
birth rate in Chile between 1972 and 1978 showed that these changes 
accounted for 22% of the drop in total infant mortality, 19% in 
neonatal mortality, and 22% in postneonatal mortality. The change 
20 
with the greatest impact was level of education, follo11ed by the 
change in composition by birth order. On the other hand, modification 
of birth structure with respect to maternal age had zero effect. The 
procedure used to arrive at these figures will be described in another 
chapter. 
It showd be kept in mind, ho11ever, that a drop in fertility does 
not always imply structural changes in births that favour lower infant 
mortality. It is possible that, in countries whose birth rate is just 
beginning to drop, women from the higher socioeconomic strata are the 
first to control their fertility. This may shift the birth structure 
toward an increase in the proportion of mothers whose standards of 
living are 1011er. Because of the great impact that socioeconomic 
factors have on infant mortality, this could lead to an increase in 
infant mortality by cancelling out the beneficial effects of a drop in 
the fertility rate in tenns of structure by birth order or by length 
of previous birth interval. 
Adaptation of Reprod11:tive Behaviour to fconomic Contingencies 
The working hypothesis for this analysis was that in a country 
such as Chile, where the population practices birth control, couples 
avoid having children when the family economic situation does not 
ensure favourable conditions for a child. Thus, under unfavourable 
Table 11. Birth structure (i) by birth order and by mother's age and 
ed11:ational level, Chile 1972 and 1978. 
Variable 1972 1978 
Birth order 
1 33. 5 40.4 
2 23.5 26.8 
3 14.5 14.4 
4 8.8 7.4 
5 5.7 4.0 
6 3.9 2.4 
7 and over 10.1 4.6 
Total 100.0 100.0 
Mother's age 
Under 20 15. 9 17. 3 
20-24 31. 4 33. 5 
25-29 25. 2 24. 6 
30-34 15. 2 14.6 
35-39 8.1 7.2 
40 and over 4.2 2.8 
Total 100.0 100. 0 
Mother's education 
None 6.9 3.8 
Primary or basic 66.4 59. 7 
Secondary or higher 26. 7 36. 5 
Total 100. 0 100. 0 
Source: Instituto Nacional de Estadisticas y Censos. 
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Table 12. Female population from 15 to 54 years of age by nunber of 
years of schooling in the 1970 and 1982 censuses and fertility rates 
by level of edocation in the same years.a 
Female population from 15 to 54 years of age 
1970 1982 
Years of schooling No. i No. i 
Total 2 284 245 100.0 3 300 530 100.0 
0 155 762 6. 8 157 341 4.8 
1-3 411 997 18.0 325 962 9.9 
4-9 1 323 565 58.0 1 637 530 49.6 
10 and over 392 921 17. 2 1 179 697 35. 7 
Fertility rate (per 1000) 
Edocational level 1970 1982 
Total 104.5 85.0 
No schooling 110. 8 53. 0 
Primary 102.6 80.3 
Secondary and higher 63. 9 92.8 
Source: Instituto Nacional de Estadisticas y Censos, 1970 and 
1982 censuses, birth statistics. Data prepared by De Lira (1986). 
aFertility rates were calculated per 1000 women 15-54 years old 
in 1970, and per 1000 women 15-49 years old in 1982. 
economic circt.mstances, with increased unemployment or drops in 
income, children would preferentially be born into f<111ilies that have 
not been affected by these contingencies. This would help to explain 
why the economic crises did not disturb the steady decline in infant 
mortality in Chile (Taucher 1984). 
The best way to verify this hypothesis would be to survey women 
of child-bearing age. An alternative method would be to study the 
economic situation of women who have recently had children, abortions, 
or who make use of family planning services, sampled in adequate 
numbers. It could be expected that the women in the first group would 
be in a better economic situation than those in the other two groups. 
The following analysis using data from 1967 to 1984 anticipates the 
possibility of conducting an investigation of this kind. 
Vital statistics on births in Chile do not permit us to 
specifically explore whether families in adverse economic situations 
avoid having chi 1 dren. However, they do make it pos si b 1 e to study 
whether, unlike with infant mortality, a relationship exists between 
the evolution of fertility and the fluctuations in economic 
i ndi ca tors . 
Beginning in 1964, the crude birth rate, which is the roughest 
indicator of fertility, tended to decline but increased slightly 
22 
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around 1972 and 1982. The sane increases in the specific fertility 
rates by age are shown in Fig. 7 and Table 13. In both periods, the 
increase is especially apparent among women 20-24 years of age. 
l-bv.€ver, the second increase is also obvious among women 25-29 years 
old, among whom the first rise had been less apparent. 
Qualitatively, both periods in which fertility increased may 
coincide with an increase in people's expectations. In the first 
period, which corresponds to the early years of a leftist government, 
these would be social expectations. In the second, the expectations 
'i«luld probably be economic. The huge amounts of money borrol\€d led to 
an economic upsurge that peaked in 1981. The free import policy 
placed consumer articles that were never before accessible within 
reach of modest income sectors. In both periods, therefore, the 
increase in fertility should occur in the lol\€st socioeconomic strata. 
Another explanation for the second increase may be the change in 
government family-planning policies that occurred in 1979. With the 
objective of higher population growth, contraceptives were provided 
only to persons who asked for them. No data are available to study 
the impact of this change on the fertility rate. If it were major, it 
'i«luld primarily affect the lol\€r classes who depend on government 
services for health care and fanily planning. 
To quantitatively relate the evolution of fertility to that of 
the econ001ic situation, and keeping in mind the sharp drop in large 
families, the behaviour of total fertility rates was studied by birth 
Table 13. Specific fertility rates (per 1000) by age, Chile 1967 to 
1984. 
Mother's age 
Year 15-19 20-24 25-29 30-34 35-39 40-44 45-49 
1967 74. 7 190. 3 192. 9 153. 6 117. 0 49.8 7.4 
1968 84.4 183.9 179. 3 137. 9 104.2 46.8 6.9 
1969 71. 8 174.3 167. 1 128.0 94.8 41. 8 6. 7 
1970 7 3.1 172. 9 163. 6 121.1 84.9 39. 7 6.5 
1971 77. 4 180. 0 166. 7 123.3 80.9 38.1 6. 1 
1972 80. 7 187.0 16 7.1 120. 2 76. 2 36.6 5.6 
1973 77. 9 189. 0 161. 1 114. 8 71. 1 32. 9 5.0 
1974 74.2 180.2 156. 5 108.8 68.6 31.1 4.9 
1975 73. 1 167.2 143. 0 99.4 64.3 27. 8 4. 4 
1976 66.0 157. 5 135.4 90.6 58.9 24.2 4.2 
1977 61. 9 145.9 125.2 84.3 51. 5 20. 6 3.4 
1978 62. 5 143.0 124.6 81.0 47.6 19. l 3.3 
1979 61. 1 142.0 126. 2 81. 0 45. 7 18.2 2. 7 
1980 63.4 144.2 133.1 82.3 45. 7 17 .1 2.5 
1981 65.2 151. 9 139.8 87.5 46.8 17. 6 2.6 
1982 65.5 149. 3 140.9 91.4 48.1 17.0 2.1 
1983 60.8 138. 3 129. 1 88.4 45.4 15.2 1. 7 
1984 64.1 141.1 127. 6 90.8 45.0 14.4 1. 5 
Source: Instituto Nacional de Estadisticas y Censos, Anuarios de 
Demografia (figures not corrected for unrecorded births). 
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order. Just as for the total fertility rate, the age-specific fertil-
ity rates were added for each birth order. These cLmulative rates, 
which are not significant in thenselves but which are useful for 
comparative purposes, sho~d the same increases and decreases up to 
the third child as for the specific fertility rates for young women. 
The sum of the rates for the first three birth orders (R(l-3)) 
from 1967 to 1984 is shown in Fig. 8 together with per-capita gross 
domestic income (GDI) at market prices in 1977 pesos, which was 
selected as the economic i ndi ca tor. The sum of the c tro ul at ive rates 
for birth orders 4 and over and infant mortality rates for the same 
years are shown in Table 14. 
It is interesting to note that neither the trend in the infant 
mortality rate nor that of the sum of the total fertility rates for 
order 4 and over is related to the behaviour of the economic 
indicator. On the other hand, the sum of the rates for orders 1 to 3 
evolves very similarly to gross domestic income. To determine the 
association between the two indicators, the coefficients were 
calculated correlating the fertility index R(l-3) with the economic 
indicator with different time lags. When R(l-3) is taken for the 
previous year, the correlation between the two is virtually nil 
(0.1283); it rises to a maximum 1 year after the economic phenomenon 
and declines in the following time lags, to drop once again 4 years 
later (Table 15). 
Table 14. Total fertility rate by birth order 1 to 3 (R(l-3)), by 
order 4 and over (R(4 and over)), per-capita gross national product 
(GNP) at market prices in thousands of 1977 pesos, and infant 
mortality rate (IMR), Chile 1967 to 1984. 
Year R(l-3) R (4 and over) GNP IMR 
1967 2 163.0 1 765. 5 31 332 94.3 
1968 2 155.5 1 561. 5 31 955 83.5 
1969 2 061. 5 1 361. 0 33 450 78. 7 
1970 2 076.5 1 232.5 33 417 79.3 
1971 2 17 3. 5 1 189. 5 35 737 70. 5 
1972 2 253.0 1 111. 4 34 168 71. 1 
1973 2 240. 5 1 018. 5 32 465 65. 2 
1974 2 174.0 947. 5 31 932 63.3 
1975 2 074.5 821. 5 23 791 55.4 
1976 1 971. 5 712. 5 24 788 54. 0 
1977 1 86 7. 5 596. 5 26 553 4 7. 5 
1978 1 878.0 527. 0 28 151 38. 7 
1979 1 89 5. 5 489.9 30 595 36. 6 
1980 1 976.0 465.5 32 223 31. 8 
1981 2 078. 5 478.5 32 250 27. 2 
1982 2 089.0 482. 5 25 695 23.6 
1983 1 950.0 439.0 25 431 21. 9 
1984 2 005.0 417.0 19.6 
Sources: R(l-3) and R(4 and over) calculated using data from the 
Instituto Nacional de Estadisticas y Censos (statistics not corrected 
for unrecorded births); GNP, National Jlccounts, Banco Central; IMR to 
1981, Ministry of Health, 1982-84, Instituto Nacional de Estadisticas. 
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Table 15. Correlation coefficients for the SIR of the c11nulative 
fertility rate for birth orders 1-3 (R(l-3)) with per-capita gross 
national product for different time lags of R(l-3) with regard 
to year X in which GNP is measured. 
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In spite of this clear relationship between fertility and the 
economic indicator, the couples most affected by the crisis cannot be 
affirmed as the ones who stop having children, thereby contributing to 
the unresponsiveness of infant mortality to economic downswings. 
The direct relationship between fertility and a woman's level of 
education observed in Chile in 1982 provides information that can 
supplement this analysis. We must work on the assumption that the 
data are reliable, ho1Ever, and that a woman's level of education in 
some way reflects her economic \Ell-being. 
Based on these assumptions, the fact that the fertility rate 
among women with secondary school or advanced education is higher than 
the rate for groups with less schooling could mean that a significant 
part of the lower social strata is avoiding having children. This 
lessens the impact of the government policy of restricting family 
planning since 1979, because its effect would have translated into an 
increase in fertility among the 101Er strata. It also contradicts the 
interpretation that the economic peak around 1982 favoured sectors 
with modest incomes. On the other hand, it strengthens the hypothesis 
that reproductive behaviour adapts to economic contingencies if we 
take into account the fact that studies by Chilean economists have 
noted a progressive concentration of wealth and a widening gap in 
purchasing po1Er between the different social strata. 
This could be a subject for research, as was suggested at the 
outset of this discussion. 
Infant tot>rtality Differentials with Respect to variables Related to 
Fertility Levels 
Working on the assumption that differentials based on birth 
order, mother's age, and length of previous birth interval are 
biological in origin, it was expected that: 
The differentials would be more accute in situations of low 
infant mortality when the concealing effect of adverse 
socioeconomic conditions is lessened. This is applicable to 
situations of both high and low mortality between countries, 
between two points in time in the same country, and between 
socioeconomic groups. 
The differentials would be more pronounced in neonatal than in 
postneonatal mortality because biological factors are assumed to 
prevail in deaths in the first month of life. 
Endogenous or biological causes of death predominate in the 
higher mortality groups. 
Infant mortality differentials with respect to variables related 
to fertility levels should persist when adjusting births in the 
different categories of these variables for composition by 
socioeconomic 1 evel. This al so implies that they should appear 
within each socioeconomic category. 
A methodological problem that arose when attempting to study some 
of the consequences of this hypothesis was finding a measure that 
would reflect the magnitude of the differentials. After analyzing 
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various alternatives, the coefficient of variation, i.e., the ratio 
between the standard deviation and the simple average of the specific 
rates in the categories for each variable, was chosen. The main 
problem is that this measure is based on a small number of rates, 
corresponding to the small number of categories in each variable, and 
it does not reflect the shape of the ratio. Nonetheless, because it 
is a measure of relative variability, it can be accepted as an 
approximation of the size of the differentials. 
With respect to the relationship between infant mortality and 
birth order, which is approximately linear in form, another method for 
quantifying the intensity of the differentials was also tried. The 
linear regression coefficients and the ratio between them and the 
average of the specific rates for birth order were calculated. 
Intensity of Differentials under Conditions of High and Low 
Infant Mortality 
The influence of a conditioning factor that is biological in 
origin should be more apparent when it is not hidden by socioeconomic 
determinants. Thus, for example, higher male mortality stands out as 
1 evel s of general mortality drop. Following the Sillle reasoning, with 
regard to infant mortality, higher intensity in the differentials can 
be expected in countries with lower infant mortality. It was al so 
expected that this would be more accentuated in Chile in 1978 than in 
1972. 
When the coefficients of variation for the rates given in 
Table 16 are compared, we see that they are higher for the three 
variables in Paraguay, the country with the low:st infant mortality, 
than in Peru, the country with the highest. The Sillle situation is 
observed when comparing the coefficients of variation in Costa Rica, 
Table 16. Infant mortality rates and coefficients of variation for 
specific infant mortality rates by birth order, 110ther' sage, 
and length of previous birth interval in Costa Rica, Mexico, 
Paraguay, and R:'!ru. 
Costa Rica Mexico Paraguay Peru 
Infant mortality ratesa 67. 7 78.4 50.9 109.4 
Coefficients of variationb 
Birth order o. 277 o. 092 o. 228 0.162 
Mother's age 0.230 0.164 0.142 0.077 
Length of interval o. 728 o. 541 o. 605 o. 524 
a The time spans for the infant mortality rates and the specific 
rates are: July 1955 to June 1975 in Costa Rica and Mexico; February 
1958 to January 1978 in Paraguay; and July 1956 to June 1976 in Peru. 
b Coefficient of variation is the ratio betw:en the standard 
deviation of specific rates and their average (s/x). It was used here 
as a measurement of the intensity of differentials. Categories into 
which the variables were classified: birth order, 1, 2-3, 4-6, 7 and 
over; mother's age, under 20, 20-24, 25-29, 30-34, 35 and over; length 
of the interval, 7-11, 12-17, 18-23, 24-35, and 36 months and over. 
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the other country with low infant mortality, with those in Peru. The 
association between the size of the differentials and mortality levels 
becomes more complicated when the four countries are compared because 
this magnitude does not increase steadily with lower infant mortality. 
The relation between the regression coefficient and average 
infant mortality rates by birth order is closer for Costa Rica and 
Paraguay, with low mortality, than for Mexico and Peru, with high 
mortality (Table 17). 
In Chile, where infant mortality dropped from 74.6 in 1972 to 
40.9 in 1978, the coefficients of variation for rates by birth order 
rose from 0.177 to 0.277 between the 2 years, and the coefficients of 
Table 17. Linear regression coefficients (b) bet~en specific infant 
mortality rates and birth order, and the ratio bet~en these 
coefficients and average infant mortality rates by birth order (j). 
Rate, country, group b b/y 
Infant mortality 
Costa Rica 4, 98 0. 0719 
Mexico 1.90 o. 0240 
Paraguay 3. 33 0.0635 
Peru 5.10 0. 0460 
Chi le 1972 5. 33 0.0649 
Chile 1978 5.21 0.1001 
Neonatal mortality 
Chile 1972 1. 56 0.0463 
Chile 1978 2. 00 0.0815 
Postneonatal mortality 
Chi le 1972 3. 76 o. 0779 
Chile 1978 3.21 0.1168 
Neonatal mortality, Chile 1972 
No schoo 1 i ng -3.14 -0.0556 
Primary or basic o. 85 o. 0261 
Secondary or higher 5.04 0.1452 
Neonatal mortality, Chile 1978 
No schooling 0.22 0.0054 
Primary or basic 1.18 o. 0528 
Secondary or higher 7.80 0.2284 
Postneonatal mortality, Chile 1972 
No schooling -2.86 0.0282 
Primary or basic 1. 95 o. 0377 
Secondary or higher 5. 51 o. 1812 
Postneonatal mortality, Chile 1978 
No schoo 1 i ng 0.06 0.0010 
Primary or basic 1. 73 0.0628 
Secondary or higher 5.28 o. 2421 
variation for the rates based on mother's age rose over the scrne 
period from 0.181to0.224. Table 17 also shows an increase in the 
ratio between the regression coefficient and the average rates for 
birth order between 1972 and 1978, both for infant mortality and for 
its canponents, neonatal and postneonatal mortality. 
If the magnitude of infant mortality differentials by birth 
order, mother's age, and length of the interval between births is 
analyzed, measured in terms of coefficients of variation in children 
born to mothers with different levels of education, a trend becomes 
obvious toward a rise in magnitude as the educational level rises 
(Table 18). The higher intensity of the differentials in the higher 
education category is especially visible in Chile, where it can also 
be seen (Table 17) that the ratio between the slope of the rates per 
birth order and the average of these rates increases considerably as 
the mother's level of education rises. 
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Despite all the dra\\backs of the coefficient of variation or the 
regression coefficient in relation to the average rate as a 
measurement of the intensity of differentials, and with the problems 
involved in cataloguing the countries by infant mortality level, the 
findings confirm that the differentials are more intense under 
conditions of low infant mortality. This agrees with the hypothesis 
that these differentials are biological in nature. 
Table 18. Coefficients of variation for specific 110rtality rates by 
birth order, mother's age, and length of previous birth interval 
within categories of the 11<>ther's edi.cational level in Costa Rica, 
Mexico, Paraguay, Peru, and Chile (1972 and 1978). 
ft'other's Chile 
level of Costa 
edi.cationa Rica Mexico Paraguay Peru 1972 1978 
Birth order 
Low 0.1597 0.1074 o.1769 0.0593 0.1262 0.1242 
Medium o. 3247 o. 1538 0.2312 0.1256 o. 0929 o. 1653 
High 0.1817 0.2875 0.2476 o. 2492 0.4453 0.6528 
Mother' s age 
Low 0.1361 0.1598 0.1816 0.0841 0.1644 0.1760 
Medium o. 3448 o. 0973 o. 1932 o. 1735 o. 1453 o. 1577 
High 0.3797 0.5339 0.4802 0.1306 0.2395 0.2515 
Length of previous birth interval 
Low 0.6136 o. 5083 0.5415 0.5049 
Medium 0.8129 o. 7282 o.6229 o. 5186 
High 0.2404 0.1553 0.6527 0.4113 
arn Costa Rica, Mexico, Paraguay, and Peru, low is under 4 years 
of schooling; medium, 4-6 years; high, 7 or more years. In Chile, low 
represents no schooling; medium, primary or basic; high, secondary or 
advanced education. 
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Intensity of Differentials in reonatal and l\:>stneonatal Mortality 
It is co11monly accepted that causes of death in the 1st month of 
life are usually biological or endogenous in nature, unlike mortality 
between 1 and 11 months, when exogenous causes would predominate that 
are linked to unfavourable factors in the environment, nutrition, 
etc. Therefore, mortality differentials by birth order and mother's 
age will be more pronounced in neonatal mortality. Data for Chile in 
1972 and 1978 were analyzed because it was the only country for which 
vital statistics were available and in which the number of births and 
deaths was sufficient to subdivide these two components of infant 
mortality. 
Neonatal and postneonatal mortality rates by birth order and 
mother's age are shown in Tables l, 2, 4, and 5. The coefficients of 
variation of the rates were also calculated as a measurement of the 
magnitude of the differentials. Contrary to what was expected under 
the biological assumption, the differentials by birth order are more 
intense in postneonatal mortality than in neonatal mortality in the 2 
years studied. The differentials by mother's age behave ambiguously. 
In 1972, they are more pronounced for neonatal mortality, whereas the 
contrary is true in 1978. 
Analyzing the coefficients of variation, the highest magnitude 
continues to occur in the differentials by birth order for post-
neonatal mortality; this is contrary to what was expected. 1-bwever, 
the differentials are consistently higher for children of highly 
educated mothers than for those whose mothers had little schooling, 
and they are more pronounced in 1978, when mortality had dropped, than 
in 1972. These two observations support the biological nature of the 
differentials. 
Coefficients of variation in mortality rates by mother's age, 
with certain exceptions in 1972 but for all groups in 1978, are higher 
for postneonatal mortality than for neonatal mortality. In both 
years, the magnitude is higher for children of mothers with high 
educational levels than for those with poorly educated mothers. The 
coefficients of variation increase in 1978 over 1972 in relation to 
the decline in mortality. The only exceptions to this rule are 
neonatal mortality rates by mother's age in firstborn children, for 
which the coefficients drop in 1978, a fact that is still apparent 
when no subclassification is made by birth order. 
Although the biological origin assumption did not lead us to 
expect that differentials by birth order and mother's age would be 
more intense in postneonatal mortality than in neonatal mortality, the 
fact that they became more marked when mortality dropped between 1972 
and 1978 and are more pronounced in the offspring of mothers with more 
education does agree with the assumption. The first discrepancy could 
be explained either because of the predominantly nonendogenous nature 
of the causes of death in the first month of life or because of a 
differential vulnerability to external factors that cause death 
between 1 and 11 months of age. 
Predominance of Endogenous causes in Highest flbrtality Groups 
An analysis of mortality by cause of death for different 
categories of birth order and mother's age should be the best means of 
revealing the nature of the mortality differentials for these 
variables. We would expect that an excess number of deaths due to 
endogenous or biological causes is the explanation for the greater 
risk of death in some groups. 
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In undertaking a study of this kind, it is necessary to define 
causes that are considered endogenous, i .e., related to biol og i cal 
deficiencies according to the classification made by 8urgeois-Pichat 
(1951), and those which should be classified as exogenous, i.e., 
conditioned by external factors that are socioeconomic in nature. 
Because of the complexity of the process that leads to death, 
identifying a cause as purely endogenous or purely exogenous is very 
difficult. For example, congenital defects that appear to be typical 
exanples of endogenous causes may originate in genetic alterations or 
in disturbances in the development of the embryo caused by drugs, 
radioactivity, or infections, which are exogenous factors. In turn, 
diarrhea, a disease mainly attributable to poor sanitary conditions, 
and therefore exogenous, will generally lead to death only in children 
with the least biological potential, e.g., with low birth weights or 
suffering from malnutrition. The sane can be said of respiratory and 
infectious diseases. With all of them, accessibility to timely and 
efficient medical care is also a key factor. 
Using vital statistics from Chile for 1972 and 1978, 
differentials were analyzed by birth order and mother's age for 
different causes of death, for both neonatal and postneonatal 
mortality. In each of the groups of causes, mortality follows 
behavioural patterns similar to total mortality, which in turn means 
that the composition by cause of death of groups based on birth order 
or mother's age is similar (Taucher 1985). Instead of too many deaths 
due to endogenous causes in the highest mortality groups, therefore, 
vulnerability to death from any cause seems to increase with birth 
order and is higher when the mother belongs to a group at either 
extreme of the age range. 
Independence of Differentials Based on Variables Related to 
Fertility and Socioeconomic Factors 
If the differentials by birth order, mother's age, and length of 
previous birth interval are mainly biological in origin, they should 
persist within the different socioeconomic strata. On the other hand, 
if they are mainly detennined by the predominant presence of low 
socioeconomic strata in the highest mortality groups, within each 
stratum, therefore, no differentials should be observed with respect 
to the variables under discussion. 
The corresponding studies (Taucher 1982b, 1985) showed that the 
mortality differentials for birth order, mother's age, and length of 
previous birth interval continue to hold within the different 
educational groups for women in the four countries from which data 
from fertility surveys were analyzed. The figures from Chile given in 
Tables 1-6 also lead to the same conclusion. 
Cl>viously, the mother's level of education is only one indicator 
of socioeconomic level, and by using it as a classifier, all the 
external factors that could influence the magnitude of the 
differentials are not necessarily controlled. However, the mother's 
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level of education has been shown to be so closely linked to the level 
of infant mortality, fertility rates, and behavioural variables that 
the results found for its subdivisions are important. 
Doubt is cast on the hypothesis that the high infant mortality 
observed when birth orders are high, mothers are at extranes of the 
child bearing span, and previous birth intervals are short is 
biol ogi ca 1 in nature, because more women from 1 ower socioeconomic 
classes are in these groups than in the groups for which mortality is 
lower. 
To see whether this could be the real explanation for the 
differentials observed, the percentage of children born to mothers 
with little schooling in each category of birth order, mother's age, 
and previous birth interval was calculated. The percentage of mothers 
with little schooling increases with birth order and behaves as a U 
with regard to the mother's age (Fig. 9, Table 19), mirroring the 
relation between infant mortality and the groupings of these variables 
shown in Figs. 2 and 3. The previous birth interval, on the other 
hand, is not associated with the mother's level of education. 
Table 19. Percentage of mothers with little educationa in categories 




Rica Mexico Paraguay Peru 1972 1978 
Birth order 
1 30.3 53.9 36.6 52.8 64.0 56.1 
2-3 39. 6 61. 2 44.0 61. 0 69.8 61. 5 
4-6 55.9 71,7 60. 6 74.0 85.3 81.2 
7 and over 67. 7 79.5 73. 8 83.9 95.5 95. 1 
Total 47.8 66. 7 52.3 67.6 73.3 63.6 
Mother' s age 
Under 20 38.6 66. l 51.6 63.4 79.4 7 5. 0 
20-24 41. 7 61. 6 44.0 61. 6 70.2 59.5 
25-29 51.0 65.4 50.6 66.6 67.4 57.0 
30-34 54. 7 72. 1 58.5 74.3 74. 7 62.5 
35 and over 62. 5 77.9 68.4 80.1 83.8 74.9 
Total 47.8 66. 7 52.3 67.6 73. 3 63.6 
Length of previous 
birth interval 
7-11 55. 5 72.8 41. 9 78.0 
12-17 53.5 62. 3 55. 7 65.5 
18-23 53.0 69.3 58.2 68.6 
24-35 56.4 73. 2 57.9 74.5 
36 and over 44.3 71.4 53. 4 71.0 
Total 52.5 69.6 56. 7 71. 0 
alow educational level: Chile, no schooling or primary schoo 1 ; 
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Fig. 9. Percentage of children born to mothers with little ed11:ation (Olile, no schooling or primary ed11:ation; 
other countries, ~3 years of school) by birth order, mother's age, and previous birth interval • 
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When rates by birth order and by mother's age in each country are 
standardized according to mother's level of education for total births 
(Table 20), the differentials renain virtually unchanged when the 
influence of mother's level of education is eliminated (Fig. 10). The 
specific rates for previous birth intervals were not standardized 
because of the slight differences apparent when broken down by 
mother's level of education. 
Similar results were found when standardizing the rates for 
neonatal , postneonatal , and infant mortality by birth order and 
mother's age according to mother's level of education in Chile in 1972 
and 1978. 
Therefore, it was concluded that factors that support the 
biological nature hypothesis are: the persistence of infant mortality 
differentials by birth order, mother's age, and length of previous 
birth interval within the different groupings by mother's level of 
education; the sharpening of the differentials as the level of 
education rises; and the little influence that the mother's level of 
education has on the differentials. 
Conclusions 
Summarizing the foregoing findings, the fact that mortality 
differentials by birth order, mother's age, and previous birth 
interval continue to be maintained within the different groupings for 
mother's level of education supports the biological nature of their 
Table 20. Infant mortality rates by birth order and mother's age 
observed and standardized by birth composition with respect to 
mother's level of educationa in Costa Rica, Mexico, Paraguay, and 
Peru. 
Costa Rica Mexico Paraguay Peru 
Obs. Stand. <J>s. Stand. <J>s. Stand. <J>s. Stand. 
Birth order 
1 56.65 62. 32 76.16 80.02 43.69 44. 71 95.64 107.04 
2-3 62. 05 64. 21 72. 75 74.90 45. 00 46. 86 98. 40 102. 95 
4-6 60.62 69. 27 78. 48 77.83 51.35 51. 02 115.36 111.74 
7 and over 97. 77 97. 09 89. 49 87. 70 69.61 68.17 134. 29 124. 47 
Mother's age 
U'lder 20 85. 56 87. 03 98.45 98. 63 55. 36 55. 49 125.63 128.53 
20-24 59. 29 60.89 76. 78 78.63 40. 78 40.68 105.87 110.50 
25-29 61. 58 60. 45 69. 88 70. 12 54. 05 54. 33 104. 10 104. 79 
30-34 62. 09 60.34 68.03 66. 86 52.35 50.58 108. 39 104. 21 
35 and over 95. 89 95.45 90.15 88.1)6 61.19 59. 58 112. 64 105. 12 
aThe percentages by educational level used for standardization 
were: Costa Rica, 47.83 and 52.17 (for 0-3 and 4 and more years of 
education); Mexico, 66. 67 and 33. 33; Paraguay, 52. 25 and 47. 75; Peru 
67.55 and 32.45. 
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Fig. 10. Infant mortality by birth order and mother's age in Costa 
Rica, Mexico, Paraguay, and ~ru. ll>served and standardized rates by 
mother's level of ed1.eation. 
origin. The same interpretation can be given to the fact that the 
specific rates for these variables, standardized by c001position 
according to mother's level of education, are similar to the observed 
rates. 
The facts that the differentials are not more intense in the 
groups with low infant mortality and that intensity is higher in 
postneonatal mortality than in neonatal mortality contradict and 
oppose the hypothesis suggested. 
CHAPTER 2: PROBLEMS WITH DATA 
Data Sources 
Selection of a data source depends not only on its completeness 
and quality, but also on the specific aspect that is to be studied. 
lhe discussion here will be approached from the latter viewpoint. 
Analysis of Levels and Trends 
The most suitable source for studying infant mortality and 
fertility trends is vital statistics records, because they pinpoint 
levels at precise moments in time. The problem is that many 
developing countries record vital statistics incompletely or restrict 
them to selected segments of the population. 
If underrecording could be estimated, corrections could be made 
to obtain values closer to the true magnitude of the rates. Even if 
corrections are not made, however, if no major changes have occurred 
in the extent of underrecording, the behaviour of fertility and 
mortality trends can still be studied but on an inexact level. 
If the birth or death records, or both, gradually improve, we 
must find out which has improved the most and how much so that the 
effect on the indexes can be estimated to better interpret the 
evolution of rates. 
Undoubtedly, information from surveys, even when collected 
directly from women who have had children, is a less efficient source 
for estimating levels of fertility and infant mortality over time. 
In the study using the surveys from Costa Rica, Mexico, Paraguay, 
and Peru, because these were retrospective surveys of women from 15 to 
49 years of age, the births declared mainly corresponded to young 
mothers and to different times during the 20 years studied. On the 
other hand, births to older women were scarce and occurred more 
recently. 
Thus, to obtain a measuranent of the total fertility for 
different periods prior to the survey, specific fertility rates for 
older women were extrapolated from data declared by younger women for 
the period in question, with the consequent possibility of errors in 
the estimate. 
This problem also affects total infant mortality rates that, for 
those based on data removed in time from the survey, correspond to 
births with a higher proportion of young mothers, to lower birth 
orders, and to times in which infant mortality was higher, factors 
that act differently on the level of the rate. 
Data for three 5-year periods for which total fertility rates 
were estimated using data from the surveys are given in Table 21. 
Infant mortality rates were calculated for the same 5-year periods. 
The Chilean data are averages of rates calculated using vital 
statistics published by the Instituto de Estadisticas y Censos. 
It is not easy to classify the countries according to their 
fertility levels. For exam~e, Chile and Costa Rica have rates that 
are much lower than the other countries for the most recent 5-year 
period, but from 1961 to 1965, Costa Rica had a total fertility rate 
higher than Paraguay or Peru. 
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A study of the link between fertility levels and infant mortality 
shows that it is not strong enough to wipe out the differences between 
countries; for similar total fertility rates very different infant 
mortality rates are found. On the other hand, within countries and 
with the exception of Paraguay, a drop in fertility is accompanied by 
a drop in infant mortality. 
Analysis of Differentials 
For a study of infant mortality differentials, the fact that the 
survey covers a lengthy retrospective period is a minor inconvenience, 
because both infant deaths and the births from which they derive are 
affected by the sane bias. However, the higher proportion of births 
in lo~r birth orders and at younger maternal ages in periods removed 
in time from the survey, and the opposite, births in high birth orders 
and to older mothers closer to the present can distort the magnitude 
of the differentials. If the infant mortality rate has dropped in the 
period covered, this favours recent events. 
The advantage of surveys for the study of differentials is that 
the data for the numerator and denominator of the rates and for 
classifying into different categories are provided by the sane 
informant. 
Aside from surveying histories of pregnancies, the indirect 
estimating techniques developed by Brass and his disciples are useful 
in obtaining data to calculate differentials. They can even serve to 
analyze differentials using census data, avoiding the need to conduct 
special surveys. 
The main problem in using vital statistics is that, although the 
information for which we wish to obtain infant mortality differentials 
frequently appears on birth certificates, it is rarely included in 
death certificates for infants of under 1 year. 
When the investigation was conducted in the five Latin American 
countries, only Chile recorded information on birth order and the 
characteristics of parents in death certificates for children of under 
1 year. 
The other problem is that if com~ete information is not recorded 
for both events, the rates will contain errors whose meaning will be 
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Table 21. Infant mortality rates (IMR) and total fertility rates 
(TFR) in 5-year periods in Costa Rica, Mexico, Paraguay, Peru, and 
Chi le. 
1961-1965 1966-1970 1971-1975 
Costa Rica 
IMR 78.6 72. 1 51. 8 
TFR 7.2 5.5 3.8 
Mexico 
IMR 86.9 76.4 67. 0 
TFR 7.4 6.9 6.2 
Paraguay 
IMR 45. 7 51. 4 52.4 
TFR 6.6 6.1 5.3 
Peru 
IMR 116.6 105.0 100. 9 
TFR 6.8 6.4 5. 5 
Chile 
IMR 103.1 86. 7 65. 1 
TFR 5.2 4.7 3.2 
Sources: IMR in Costa Rica, Mexico, Paraguay, and Peru, special 
tabulations; TFR in Costa Rica, Mexico, Paraguay, and Peru, Bocaz 
(1981 ); Chile, lnstituto Nacional de Estadisticas y Censos. 
difficult to determine. For example, in Chile, infant mortality rates 
by father's occupation could not be analyzed in 1978 because this 
information was missing from 11% of birth records and 34% of death 
certificates. This meant that the mother's educational level had to 
be used as the socioeconomic indicator, because it was recorded more 
often. Birth order and mother's age, on the other hand, are 
thoroughly recorded. 
One precaution taken to arrive at purer differentials was to 
analyze deaths in birth cohorts for 1972 and 1978. The deaths of 
children under 1 year of age in 1972 and 1973, corresponding to births 
in 1972, were used. The same was done with births in 1978, by 
choosing deaths in the year 1978 and 1979. 
Some countries provide information in the birth certificate but 
not in the death certificate for an inf ant under 1 year of age. If 
the records are sufficiently com~ete in these cases, the certificates 
can be compared. This involves a great deal of work if not done by 
computer, but occasionally the wealth of information obtained 
j us ti fies it. Vi ta 1 statistics are a 1 so the only adequate source for 
studying the causes of death. 
Nulllher of Vi ta l Events 
The most serious problem in most surveys is the small nl.lllber of 
vital events they contribute to an analysis. Therefore, when specific 
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rates for various subclassifications of variables are constructed, the 
rates become very unstable or such broad categories must be used that 
the objective of an analysis of differentials is lost. 
The numbers of births and infant deaths that could be analyzed in 
the four countries are c001pared in Table 22 using data from the 
fertility survey for a 20-year period and in Chile using vital 
statistics. 
Vital Statistics Versus Surveys 
Summarizing the above, if specific infant mortality rates are to 
be calculated by different variables, the data in the numerator and 
the denominator must be as similar in quality as possible. This is 
generally true for data from surveys provided by the scrne infonnants. 
When the data for classification are recorded in birth and death 
certificates for children under 1 year of age, and the records are 
com~ete and reliable, vital statistics can compete favourably with 
data from surveys. First, they provide more stable rates for a larger 
number of vital events available for analysis. Second, they have the 
great advantage of referring to a precise time and, therefore, pennit 
changes over time to be studied. 
Brass's method, relating to the second-last child (Brass and 
Macrae 1984), combines the advantages of surveys, by providing data 
from the scrne infonnants, and of vital statistics, because they can be 
assigned to a precise time. Mothers are asked, at the time a new 
child is born, whether the previous child is still 1 iving. The 
question can be refined by asking whether, in the event the child 
died, it had reached its first birthday. 
This method could be very useful for countries in which birth 
records, but not death records, are c001plete. If the question is 
included in the birth certificate and is asked with all live births 
that do not involve a firstborn, a continuous estimate \'tOUld be 
obtained, with a lag of a few years, on levels of infant mortality. 
In addition, infant mortality differentials can be calculated and 
Table 22. Number of births and deaths of infants under 1 year of age 





















aFor the countries in which data from fertility surveys were 
analyzed, the data on births correspond to those that took place 
between 1 and 21 years prior to the survey. The deaths are those 
corresponding to these births. 
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relationships between infant mortality and fertility can be detennined 
for different administrative divisions in a country. 
Analysis of Data ()Jality 
The possibility of testing the quality of information on the 
deaths of infants under 1 year obtained from the fertility surveys was 
very limited. Even in Costa Rica, which keeps good vital statistics, 
canparing infant mortality rates obtained from the survey with 
those obtained from vital statistics was impossible. For periods 
removed in time from the date of the survey, the births declared 
during the interviews correspond to the children of women who were 
younger on average than women for whom birth statistics were 
registered at the same time, and therefore, to lower birth orders than 
those contained in the vital statistics. 
Data from Chilean vital statistics were used without correction 
for possible anissions from registration. Officially, births are 
estimated to be underregistered by around 5% but death records are 
supposedly canplete. According to a study by Legarreta et al. (1973), 
this is not true for deaths of infants under 1 year. Means are not 
available, however, to detennine the precise number of anissions or to 
learn whether this could be a differential depending on the 
characteristics of the mother for both births and deaths. Assuming 
that omissions exist, if they have not changed over time and they are 
not differential, no major problens would be posed for canparative 
analysis. 
Other Problems with the Data 
When it was noted in Chile that the proportion of children born 
to mothers with high levels of education had increased, for a long 
time it was asked whether this was because the educational level of 
the fenale population had increased or fertility in groups of women 
with less schooling had dropped. Data from the 1982 census were 
awaited with curiosity to see which of the two factors weighed more in 
changes in birth structure. 
Unfortunately, it was impossible to detennine specific fertility 
rates by women's level of education that could be compared between the 
two census years. Tabulations for the 1970 census grouped the fenale 
population by type of education into none, primary, secondary, and 
advanced. On the other hand, in 1982, the data were published by the 
number of years of schooling. The group from 7-9 years contains part 
of primary or basic education and part of secondary or high school 
education. Births up to 1982 were published by type of education 
received by the mother. After 1983, births are published by number of 
years that the mother studied, with the same grouping as for the 
population census. Although this makes it possible to calculate 
specific fertility rates by level of schooling, it does not allow for 
a canparison with the rates for 1970 when other classification 
criteria were used. 
Changes in tabulation criteria are not restricted to this 
particular case alone. For example, between the eighth and ninth 
revisions of the International Classification of Diseases, major 
changes were made in the groupings of causes of death that have made 
it almost impossible to analyze time series by cause of death, 
especially for neonatal mortality. 
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National and international organizations should keep in mind the 
impact that changes in certificates, data grouping criteria, and 
coding criteria have on the continuity of statistical series. 
CHAPTER 3: STANDARDIZATION METHODS TO MEASURE THE EFFECT 
OF DECLINING FERTILITY ON INFANT MORTALITY LEVELS 
The correlation between different fertility indicators and the 
infant mortality rate over time, for different countries or for 
regions in the same country, does not allow causality to be deduced. 
1-br does it allow us to say which is the explanatory factor and which 
is the consequence. We can only conclude that the two are associated, 
probably because the levels obey common determinants, which does not 
exclude the possibility that they may also have reciprocal relations 
independent of these common conditioning factors. 
The problem is particularly serious when making correlations for 
data in time series over a given period. Any variable with a regular 
temporal trend to rise or fall will be strongly correlated with 
another that has a similar trend. 
In correlations made to measure fertility and infant mortality 
rates by country or geographical area, the added problem exists that 
records of births or deaths may differ in quality, and this can hide 
the true relation between the variables. 
For these reasons, measurements of the impact of a decrease in 
fertility on infant mortality levels were approached in the works 
referred to here in tenns of the influence of the changes in birth 
structure that can be attributed to decreasing fertility. To make 
such measurements, the standardization methods described below were 
used. 
Application of an Indirect Standardization Method to 
Chilean Oil.ta frotn 1965 to 1972 
Between 1965, when the decline in fertility in Chile began, and 
1972, the last year for which detailed data on births by order and 
mother's age were available at the time the study was conducted 
(Taucher 1979a), a strong shift occurred in birth structure toward 
lower birth orders and younger maternal ages. 
To quantify the influence of these changes in birth structure on 
the infant mortality level, the method used by Morris et al. (1975) 
was employed. Using specific rates for birth order, for mother's age, 
and for both variables at the same time, obtained from the cohort of 
births in 1972, we calculated deaths and the expected rates according 
to the particular structure of births registered each year and 
published by the Instituto Nacional de Estadisticas for each year from 
1965 to 1971. The resulting rates can be seen in Table 23. 
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Table 23. Cl>served and expected infant mortality rates due to changes 
in birth structure involving birth order, 110ther's age, and both 
simultaneously, Chi le. 
Expected ratesb due to the effects of 
Observed Birth Mother's 
Year rates a order Age Order and age 
1965 107. 43 72.17 67. 78 72. 56 
1966 108. 42 71.66 67.85 72.02 
1967 99. 99 71. 10 67. 95 71. 56 
1968 91. 72 70. 50 67.94 70. 76 
1969 86. 88 69.65 68. 01 69.70 
1970 87.40 68.89 67.89 68.88 
1971 78. 36 68. 58 67.93 68.53 
1972 67. 97c 67. 97 67. 97 67. 97 
Note: Lines a~usted by minimun squares: ~observed= 
116.1532 - 5.5849x; y order= 72.8657 - 0.6224x; y age= 67.8282 + 
O. 0193x; y order and age = 7 3. 3911 - 0. 6986x •. 
acalculated using births uncorrected for omissions published by 
the Instituto Nacional de Estadisticas. 
bcalculated by applying the specific rates for the 1972 birth 
cohort to births recorded each year in the corresponding categories. 
CRate for the 1972 birth cohort. 
Next, straight lines were adjusted following the least squares 
method to the rates observed from 1965 to 1972 and to the rates 
calculated for each year for the different birth structures (Fig. 11). 
If 1972 is taken as the reference year, the line adjusted to the 
expected rates would have had a 0 slope if the birth structure had 
remained unchanged over the entire period under study. The negative 
slopes that, on the contrary, are observed in the adjusted lines both 
for the expected rates for birth order and for those expected for 
birth order and mother's age simultaneously, indicate that the changes 
in the relationship between these variables were favourable. Even if 
the specific rates had ranained constant, the changes in structure 
would have led to a drop in infant mortality. 
What happens to the expected rates by mother's age is 
interesting. The slope, which is slightly positive, indicates that 
the age structure has changed adversely over time, a result of the 
higher mortality among children of very young mothers. However, the 
expected rates calculated on the structure by mother's age and birth 
order together have a more pronounced negative slope than those 
calculated solely on structure by birth order. This corroborates that 
the effects are not additive but, on the contrary, that an interaction 
pennits the joint influence of both variables to be more favourable 
than the sum of their isolated effects. 
To quantify the contribution of changes in structure to the 
decline observed, the slopes for the expected rates were compared with 
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Fig. 11. Lines adjusted to observed and expected infant •ortality 
rates, applying the specific rates for 1972 to the corresponding 
structures of registered births. 
This was done because the trend in the observed rates represents the 
combined effect of all the factors related to infant mortality. Thus, 
the ratio between the slope of the expected rates and that of the 
observed rates will indicate what proportion of the change can be 
attributed to the factors that were taken into account when 
calculating the expected rates. This interpretation will be correct 
only if the effect of the factors considered and that of the set of 
other factors are additive. 
The part played by the different factors in the total decrease, 
estimated in this way, is: 
Birth order 
Mother' s age 













These results indicate that combined changes in structure due to 
the mother's age and birth order are responsible for 13% of the 
decline in infant mortality observed from 1965 to 1972. The ranaining 
87% should be attributed to other factors if these are independent of 
the ones considered. It is not possible to say, however, that these 
factors are all alien to changes in fertility. For example, no 
measuranent was made of the effect of lower income sectors gaining 
Table 24. Contribution of changes in birth structure fn>111 1972 to 
1978 with regard to birth order (0), 110ther's age (A), R>ther's level 
of education (E), and their interactions, to the drop in infant 
110rtality from 74.50 to 40.93, Chile. 
Contribution to the drop in 
infant mortality of the 
Difference changes in composition for 
fro11 the each variable 
Standardized observed 
rate 197~ rate 1972b Absol uteC Relatived 
Variables (1) (2) (3) (4) 
0 71. 25 3.25 3.25 9.7 
A 74. 49 o. 01 o. 01 o.o 
E 68. 70 5.80 5.80 17.3 
0 x A 70. 04 4.46 1. 20 3. 6 
0 x E 67. 22 7.28 -1. 77 -5. 3 
A x E 69.11 5. 39 -0. 42 -1. 3 
0 x Ax E 67.42 7.08 -0.99 -2. 9 
Total 7. 08 21.1 
a The standardized rate is the infant mortality rate that would 
have been observed in 1972 if births in that year had had the 
composition of 1978 with respect to the variables indicated and their 
combinations. 
b Difference between the standardized rate (column 1) and 74. 50, 
the rate observed in 1972. 
c The effect of a change in composition of a variable is equal to 
the difference between the observed rate in 1972 (74.50) and the 
standardized rate for the composition of this variable. Example: 
Effect 0 = 74.50 - 71.25 = 3.25. The contribution of the interaction 
due to changes in the overall composition of two variables is equal to 
the difference (column 2) 1 ess the effects of each of the canponents. 
Example: Effect 0 x A= 4.46 - 3.25 - 0.01=1.20. The contribution 
of interaction due to changes in the canposition of three variables is 
equal to the difference (column 2) minus all the single effects and 
those of the interaction of their canponents. ExC111ple: Effect 
0 x Ax E = 7.08 - 3.25 - 0.01 - 5.80 - 1.20 + 1. 77 + 0.42 = -0.99. 
The sum of the single effects and the contribution of the interactions 
in column 3 is equal to the difference between the rate observed in 
1972 and the standardized rate for canposition of births with regard 
to the three variables and corresponds to the change in the rate of 
infant mortality that can be attributed to the changes in the 
structure of births with respect to the three variables studied. 
d These are the values of column 3 in relation to the difference 
33.57 between the rates observed in 1972 and 1978. 
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Table 25. Contribution of change in birth structure and level of 
mother's education to the decline in mortality ilDong children under 




Order x age 
Order x education 
Age x edocation 
Order x age x education 
Total 




























access to the birth control program included in 1964 in the mother and 
child program of the National Health Service. 
Appl i ca ti on of a Direct Standardization Method to Chi lean Dilta from 
1972 to 1978 
A direct standardization method was used to determine the contri-
bution made by changes in birth structure from 1972 to 1978 to the 
decline in infant mortality in Chile in the same years. The specific 
1972 rates for birth order, mother's age, mother's level of education, 
and combinations of these variables were applied to the birth 
structure in 1978, which constituted the standard population. The 
percentage decrease that can be attributed to the effects of the 
change in structure was detennined, considering each major effect and 
the interactions between them. The procedure is explained for calcula-
tions of infant mortality rate in Table 24; results for neonatal, 
postneonatal, and total infant mortality rates are given in Table 25. 
Changes in canposition due to mother's level of education have 
contributed most to the decline, follo11ed by changes in the composi-
tion of birth order. Variations in structures by maternal age, 
ho11ever, did not contribute significantly. The single effects and 
their interactions explain 19-22% of the total drop in the rates; the 
remainder is caused by other factors, e.g., changes in birth structure 
due to variables that have not been explored here or health progrc111s, 
supplementary food programs, or other programs that have reduced the 
risk of death in infants under 1 year. 
The data in Tables 1-6 show that within each cell in the tables, 
neonatal, postneonatal, and infant mortality decline from 1972 to 1978 
for identical categories of birth order, mother's age, and mother's 
level of education, which must be explained by factors other than 
changes in birth structure. The same procedure was subsequently used 
to detennine that the change in birth structure in Chile accounted for 
29.5% of the drop in infant mortality between 1972and1982. Once 
again, the most important factor was the change in canposition with 
regard to mother's education. 
CHAPTER 4: 08.ECTIVES FOR FUTURE RESEARCH ON FERTILITY 
AND INFANT MORTALITY 
The ultimate goal of most research on infant mortality is to 
obtain information that will lead to a reduction in current mortality 
level. Thus, the spectrum of research objectives ranges from 
identification of the causes or determinants of infant mortality to 
evaluation of the success of actions and progrillls to reduce it. 
Within this frame of reference, research on the impact of changes 
in fertility on infant mortality level could have one or several of 
the following goals: (1) to identify high fertility as one of the 
determinants of high infant mortality, (2) to measure or predict the 
impact of changes in fertility levels on infant mortality, or (3) to 
investigate the nature of the relationship between fertility and 
infant mortality. 
If research shows that a drop in fertility contributes to a 
reduction in infant mortality, this would serve as an argument for 
filllily planning. This is important in countries where, because of low 
population density, for exam~e, no justification can be perceived for 
reducing population growth. The repercussion of this is that couples, 
especially those from the poorest strata, have no informed access to 
contraception, a right recognized by the governments of all countries 
at many international conferences. 
Identify High Fertility as a Deten1inant of Infant tt>rtality 
This objective could be achieved through research showing infant 
mortality differentials with respect to variables such as birth order, 
mother's age, or the length of previous birth interval, linked to 
fertility levels. 
Although we have seen that infant mortality patterns related to 
these variables repeat thanselves in all the countries studied, 
examining them for a single country wowd be more effective to 
identify high risk groups or to advise planning births under the most 
favourable conditions for infant survival. 
The sillle objectives can be attained by showing the direct link 
that exists between fertility and infant mortality levels over time or 
in different regions or subdivisions of a country. The limiting 
factors on establishing causal relations have already been discussed. 
However, for the lay person in this field, these relations between 
levels are probably more understandable than more complex reasoning 
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with regard to mortality differentials and the influence of birth 
structure on infant mortality levels. Therefore, including this type 
of analysis is useful in research whose objective is to create a 
favourable attitude toward family planning. Scientific ethics require 
that it be stated that common conditioning factors may exist, and 
showing differentials and their implications for infant mortality 
levels will also be useful. 
Measure or Predict the Impact of Changes in Fertility on Infant 
Mortality Levels 
Studies of the effects of different explanatory variables on some 
dependent variables have becane increasingly frequent as researchers 
gain access to computers and to mwtivariate analysis methods. 
Interpreting the results of these procedures is not always easy, 
especially when data does not fulfill the assumptions on which the 
analysis methods are based. 
When data are available on differentials with regard to variables 
related to fertility, and birth structure is known for the different 
groupings of these variables, methods to standardize rates can be used 
that may provide guidance on the importance that can be attached to 
changes in structure within total change. 
Extrapolations for the future are arittmetically feasible and can 
be useful as an argument for family planning. Cl>viously, if 
difficulties exist in interpreting events that have already happened, 
they will be greater still when we wish to predict the future. This 
is not to invite inaction because of the fear of making mistakes, but 
rather is a recommendation to exercise caution in interpreting the 
results of methods that assist in analyzing data, but that do not 
replace the good judgment of the researcher. 
Investigate the Nature of Differentials with Regard to variables 
Linked to Fertility 
There are, as yet, no conclusive results on the nature of 
differentials caused by birth order, mother's age, or previous birth 
interval. Conducting research with this in mind is useful. 
Separating the effects of econanic and social characteristics from 
those of fertility is essential. 
CHAPTER 5: CONCLUSIONS 
A decline in fertility will lead to a drop in infant mortality 
when it involves fe~r births separated by short intervals, fe~r 
children born to one woman, and fewer births at either end of the 
child-bearing period. Ho~ver, because of the influence of 
socioeconomic factors on infant mortality level, if births in the 
highest social strata gradually drop, infant mortality may increase 
as fertility begins to decrease. 
There are indications that infant mortality differentials based 
on birth order, mother's age, and length of previous birth interval 
are predominantly biological in origin. Therefore, regulation of 
fertility would be justified so that women can bear their children 
under optimal conditions of number, age, and spacing, regardless of 
the socioeconomic stratum to which they belong. However, research on 
this subject must continue because the current results are not 
conclusive. 
Both vital statistics and data from surveys on birth histories 
can be used for these investigations. Another useful source could be 
information on the previous child collected from mothers who have 
just given birth. These data share the advantage of vital statistics 
in making it easy to pinpoint events in time and the advantage of 
surveys in coming from a single informant. Also, they can provide 
continuous recording of levels of infant mortality, with a minimun 
time-lag, if the data are collected at the time a birth is registered 
in countries where those records are reasonably com~ete. 
Studies of the impact of factors related to high fertility on 
infant mortality are especially interesting as an argument for 
implementing fanily planning in countries where, due to low 
population densities or for other reasons, it is not perceived to be 
justified from a demographic viewpoint. 
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